1. Introduction {#sec0001}
===============

Staphylococcus aureus (S. aureus) is a major pathogen causing a variety of diseases in animals, such as mastitis. In humans, *S. aureus* has been responsible for innumerable cases of food poisoning and invasive infections that are acquired in communities or hospitals. The emergence of antimicrobial resistance in *S. aureus* poses a risk to public health, especially methicillin-resistant *Staphylococcus aureus* (MRSA), which are resistant to all β-lactam antimicrobials and many other drugs from different classes. MRSA is recognized worldwide as an important nosocomial pathogen ([@bib0006], [@bib0009], [@bib0016]), but the increase in the number of community-acquired infections (CA-MRSA) is intriguing. Recently, epidemiological studies suggest that CA-MRSA might have originated from livestock. Livestock-associated MRSA strains (LA-MRSA), such as ST398, have been considered a major threat and the epidemiology of those pathogens in animal production systems are still not clarified. Increased resistance to beta-lactams in *Staphylococcus* isolated from clinical and subclinical mastitis has been reported ([@bib0009], [@bib0010], [@bib0017]), which might be linked to the indiscriminate use of antibiotics in animal production.

Despite the extensive knowledge on *Staphylococcus* as a major cause of mastitis in dairy cattle, little is known about the role of the environment as a source of *Staphylococcus* contamination in semi-extensive dairy farms. Although the environmental contamination by staphylococci might not play a role in the epidemiology of mastitis, since this pathogen is mainly transmitted from animal-to-animal during milking, information about the epidemiology and antimicrobial resistance of those bacteria in the environment is important for the public health. Therefore, this study aimed to investigate the occurrence, genotypic relatedness and antimicrobial resistance of *Staphylococcus aureus* and coagulase-negative *Staphylococcus* isolated from milk and environmental sources in dairy farms under semi-extensive production systems in Northeastern Brazil.

2. Materials and methods {#sec0002}
========================

A total of one hundred and forty seven samples including fresh milk, milking bucket, bulk milk tank, rope and gates, as well as from the milkers' hands were collected from 21 semi-extensive dairy farms. The semi-extensive dairy farming refers to a production system that uses small inputs of labor (normally a family-based sytem), fertilizers, equipments and capital. The farmsa adopt a pasture-based system and use manual milking, which is performed in a barn. Conventional microbial isolation was performed using previously described methods ([@bib0011]). Typical staphylococcal colonies on Baird-Parker agar were selected, transferred to brain heart infusion broth (BHI, Oxoid, Basingstoke, UK) and incubated at 35--37 °C for 24 h. Confirmation was performed by Gram staining, catalase, oxidase, and coagulase tube test. *S. aureus* species were confirmed by means of polymerase chain reaction (PCR) targeting *nuc* gene (270 bp), in a duplex approach targeting the *mec*A gene (162 bp) to detect MRSA, as previously described by [@bib0012]; and [@bib0011].

Antimicrobial susceptibility profiles were determined by the disc diffusion method (Kirby-Bauer) according to [@bib0003] using 12 drugs: ampicillin (Am; 10 µg), erythromycin (Er; 15 µg), streptomycin (St; 30 µg), oxacillin (Ox; 1 µg), tetracycline (Tet; 30 µg), amoxicillin-clavulanic acid (Ax;10 µg), trimethoprim-sulfamethoxazole (Tr; 5 µg), ceftriaxone (Ce; 10 µg), ciprofloxacin (CIP; 5 µg), vancomycin (Vc; 30 µg), penicillin (Pn; 10 µg) and gentamicin (Gm; 10 µg).

3. Results {#sec0003}
==========

The highest frequency of contamination by *S. aureus* was observed for milk samples (38.1%), while CoNS were mainly cultured from the surface of hand swabs (52.4%) and environmental samples. Out of the total 147 collected samples, 110 were positive for staphylococci. The majority of those isolates (70; 47.6%) were coagulase-negative staphylococci (CoNS). A total of 40 (27.2%) was identified as *S. aureus*, and originated from milk (38.1%), hand swab (14.3%), rope (9.5%), bulk tank milk (4.8%) and gate (4.8%) samples. No *S. aureus* was cultured from water and milking bucket samples. The frequency of CoNS ranged from 9.5% to 52.4% according to the sample types: 14.3% for milk, 52.4% for hand swabs, 38.1% for milking bucket swabs, 33.3% for rope swabs, 23.8% for water and 9.5% for bulk milk tanks.

Twenty-one different antimicrobial resistance patterns were identified (Table, supplementary material) and PnSt (7; 17.5%) was the most common R-type among *S. aureus*, while Ox R-type was the most common among CoNS species (8; 11.4%), followed by OxPn (5; 7.14%). Among the 40 *S. aureus* strains, only two (5%) were confirmed as MRSA and were cultured from a milk sample (farm 59) and from a hand swab (farm 60) ([Fig. 1](#fig0001){ref-type="fig"}). Not all MRSA isolates were multidrug resistant (MDR).Fig. 1Dendrogram showing the genotypic relatedness of 11 *S. aureus* isolates from north-eastern Brazilian dairy farms by Pulsed-field Gel Electrophoresis (PFGE). As outgroup, 3 non-related *S. aureus* from feline, canine and equine in USA were included in the analysis.Ampicillin (Am; 10 µg), Erythromycin (Er; 15 µg), Streptomycin (St; 30 µg), Oxacillin (Ox; 1 µg), Tetracycline (Tet; 30 µg), Amoxicillin-clavulanic acid (Ax;10 µg), Trimethoprim-sulfamethoxazole (Tr; 5 µg), Ceftriaxone (Ce; 10 µg), Ciprofloxacin (CIP; 5 µg), Vancomycin (Vc; 30 µg), Penicillin (Pn; 10 µg), Gentamicin (Gm; 10 µg), Chloramphenicol (Cm; 30 µg), Enrofloxacin (En; 5 µg), Polymixin (Pb; 50 µg/ 300 UI), Amikacin (An; 30 µg) and Ch = cephalothin (30 µg).Fig 1

Considering CoNS, fourteen strains (14/70; 20%) from various environmental sources (hand, *n *= 4, milk, *n *= 3, milking bucket, *n *= 3, gate, *n *= 2, rope, *n *= 1 and water, *n *= 1 were positive for *mec*A gene.

MRSA and MRCoNS were genotyped by pulsed field gel electrophoresis (PFGE) according to [@bib0015]. [Fig. 1](#fig0001){ref-type="fig"} shows that seven major genotypic clusters (A-G) were identified. A high genetic similarity (greater than 70%) was observed among isolates from different sources in a given farm (Cluster B). MRSA isolates were highly similar, even though they were isolated from different sources (hand swabs and milk) and from different farms (Cluster D). A similar finding was also observed in cluster A for *mec*A negative *Staphylococcus aureus*. We observed two clonally related isolates (Cluster B) from different sources (milk and gate) in a same farm. Two isolates sharing the same PFGE pattern (D) harboured the *mec*A gene and originated from hand swabs and milk. Clusters A (*n *= 1) and E (*n *= 2) were comprised mainly by isolates showing the same R type (PnSt).

4. Discussion {#sec0004}
=============

The results show that staphylococci are commonly found in the environment of semi-intensive dairy herds. The high recovery rate of *S. aureus* from milkers hand samples (14.3%) suggest the importance of manual milking in the spread of *Staphylococcus* in dairy herds. Furthermore, the detection of genotypically-related *S. aureus* ([Fig. 1](#fig0001){ref-type="fig"}, clusters A and D) in hand swabs and milk illustrates the potential role of manual milking in the transfer of *S. aureus* between humans and animals. This reinforces previous findings showing that dairy cows are potential sources of MRSA to humans ([@bib0011]). Therefore, adequate cleaning of hands before and after milking practices must be considered a key practice to promote health in dairy farms, especially in developing regions where manual milking is a common practice.

We observed different levels of contamination by *S. aureus* in environmental samples, such as 4.8% for bulk milk tank swabs and gate swabs, and 9.5% for rope swabs. Importantly, those isolates were genotypically related to *Staphylococcus aureus* from milk ([Fig. 1](#fig0001){ref-type="fig"}, clusters B and E). These results suggest the presence of clonally-related staphylococci over the environment of extensive dairy farms. The rope is used to restrain the cows for milking and the presence of genotypic related *Staphylococcus aureus* in rope swabs and hand swabs (cluster E). Again, these findings suggest that milking utensils commonly used for milking might be associated with the spread of staphylococci within a farm. The rope is sometimes used to hobble the cows during milking, and is often in contact with the feces and soil, and the animal\'s skin.

Under routine daily practices on dairy farms, barn gates are very important means to manage animals. Gates are frequently in contact to animal surfaces and human hands and cleaning of those type of devices are virtually never done. Our results showed an undistinguishable genotypic pattern ([Fig. 1](#fig0001){ref-type="fig"}, cluster B) between staphylococci from gate and milk in a given farm, reinforcing that *Staphylococcus aureus* from milk could be spread from the environment.

Water was not contaminated by *Staphylococcus aureus*, although the water quality is generally poor in the investigated region. Therefore, the results suggest that water does not play a role as a source of *Staphylococcus aureus* in non-intensive dairy herds, even though it is well known that poor water quality used to clean milking utensils can affect the overall microbial quality of milk. It is noteworthy to mention that the present study was focused on staphylococcal contamination only and water quality is a key factor in the epidemiology of many other diseases. Therefore, in general, water quality must not be neglected to achieve desirable quality and safety in milk production systems. A total of 23.8% of the water samples were contaminated by CoNS, which was expected since those are ubiquitous bacteria. We also reported the occurrence of CoNS in the environmental samples at higher frequencies than *S. aureus*, such as hand swabs (52.4%), bulk bucket (9.5%), gate (33.3%), and collecting bucket and rope (38.1%). Only milk has a higher contamination by *S. aureus* compared to CoNS. This could be related to the fact that *S. aureus* is an important intramammary infectious agent in dairy cows and normally found in milk. Similar results were reported by [@bib0001]. However, the importance of CoNS as mastitis-causing agent has increased worldwide over the last years ([@bib0005]), which suggests that the high environmental contamination by CoNS must not be neglected in production systems under manual milking.

Regarding the antimicrobial resistance findings, similar studies also reported high resistance rates of *Staphylococcus* against penicillin ([@bib0009], [@bib0010]). The occurrence of MRSA in dairy herds is not common but the frequency of MRSA in milk samples in the present study is similar to those reported elsewhere ([@bib0002]; Haran et al*.*, 2011; [@bib0006], [@bib0008]). More recently, [@bib0010] reported one MRSA out of 120 *S. aureus* from bovine milk in China and [@bib0011] detected the presence of *mec*A gene in twenty-one *S. aureus* isolates from milk and in one isolate from a hand swab in semi-extensive dairy cows in Brazil. Although resistance to methicillin has been traditionally linked to the expression of the *mec*A gene, novel resistance mechanism conferring multiresistance against methicillin and other beta-lactams have been identified, such as the homologue *mec*C which is also located on the staphylococcal cassette chromosome mec (SCC*mec*) ([@bib0010], [@bib0013], [@bib0014]). Therefore, this should be considered in further studies to investigate the epidemiology of MRSA in animal production systems. ([Table 1](#tbl0001){ref-type="table"})Table 1Frequency of resistance patterns in *Staphylococcus aureus* and coagulase-negative staphylococci (CoNS) from dairy samples collected in north-eastern Brazilian farms.Table 1Resistance pattern[\*](#tb1fn1){ref-type="table-fn"}*S. aureus* (*n *= 40)%CoNS (*n *= 70)%Source[⁎⁎](#tb1fn2){ref-type="table-fn"}FarmErOxPnStTet00.011.4M7PnTr12.511.4H; H60CeOxPnSt00.011.4H63OxPnSt00.011.4G67ErPnTet00.011.4R71ErPnTetTr00.011.4H74ErOxPn00.011.4R96Er00.022.85R; M94; 13CeGmOxPnSt00.022.85BB94;94OxTet00.022.85CB; W59; 91OxPnTet00.022.85G; H65; 96OxPn00.057.14H; G; CB; CB; M96; 75; 71; 42Ox25811.42M; H; R; CB; M; H; G71; 74; 73; 79; 88StTet12.500.0G63AmErPn12.500.0R72Tet12.534.28H; H; G; H75; 95; 69; 65PnTet2500.0M; M31; 69PnStTet41011.4M; M; M; M; H8; 33; 63; 71; 67Pn512.545.71Mat least fivePnSt717.511.4M; Hat least fivePan-Susceptible16403347.14M, HH, BBat least five[^1][^2]

5. Conclusions {#sec0005}
==============

The present study indicates that staphylococci are commonly found in the environment of semi-extensive dairy farms in Northeastern Brazil, and the molecular typing findings suggest that most of these may originate from milk. Manual milking could play a role in the spread of staphylococci in the environment. The detection of clonally-related MRSA in milk and on hand swabs reinforces the proposal that manual milking can play a role in the dissemination of MRSA in dairy production systems. As some MRSA infections in humans have been confirmed to originate from animal sources (livestock-associated MRSA), our findings suggest that MRSA could play a role as an occupational agent in semi-extensive dairy herds, mainly in those under manual milking.
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[^1]: Resistance pattern: Am = Ampicillin; Er = Erythromycin; St = Streptomycin; Ox = Oxacillin; Tet = Tetracycline. Ax = Amoxicillin-clavulanic acid; Tp = Trimethoprim-sulfamethoxazole; Ce = Ceftriaxone; CIP = Ciprofloxacin. Vc = Vancomycin; Pn = Penicillin and Gm = Gentamicin.

[^2]: Source: M = milk; H = hand; R = rope; G = gate; BB = bulk bucket; CB = collecting bucket; W = water.
